Maternal mortality in Kigoma Region, western Tanzania, was assessed as part of ongoing efforts to reduce maternal deaths in the area. A sisterhood survey was carried out using a questionnaire in which respondents were asked about their sisters who died during pregnancy, childbirth or within six weeks after childbirth. Three thousand and twenty nine individuals were interviewed. The overall estimated maternal mortality ratio (MMR) in Kigoma Region was 606 per 100,000 live births (95% CI 518-695). In urban areas, the MMR was 447 (95% CI 262-635), compared to 638 (95% CI 539-737) in rural areas. The highest MMR of 757 was found in Kigoma rural district, the most isolated part of the region (95% CI 599-916). Although the differences are not statistically significant, they may indicate poor accessibility as a risk factor. Maternal mortality in Kigoma is high when compared to other regions in Tanzania. The sisterhood method is relatively simple and convenient for estimating maternal mortality in resource-poor countries. 
Introduction
Despite the Safe Motherhood Initiative launched in 1987, the annual number of maternal deaths is estimated at 515,000, out of which 99% occur in low and middle-income countries. While the maternal mortality ratio, defined as the number of maternal deaths per 100,000 live births, has dropped to a level as low as 10 in the high income countries, it is over 1,000 in parts of Africa.
1 Estimating maternal mortality in a community is notoriously difficult especially in low-income countries where vital statistics are often incomplete or do not exist and hospital data may not reflect the actual maternal risk in the community.
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Prospective population-based surveys will give the most accurate estimates but are difficult to organise, time-consuming and expensive. Indirect methods have been found to be more practical and less expensive. Graham et al 3 developed an indirect method to assess the risk of maternal deaths, the sisterhood method, based on the sibling survivorship principle. The method proceeds by a gathering of retrospective information either from a population census or through sample surveys. The sibling survivorship method has been found to be the most precise in adult populations compared to the orphanage or widowhood methods. It involves only questions about whether the respondent has had any female siblings who died. 4 This method has been validated several times. [3] [4] [5] In Tanzania, the maternal mortality ratios (MMRs) differ substantially, ranging from 197 to 977 per 100,000 live births, depending on area and data sources.
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Four sisterhood method surveys have been undertaken. The reported MMRs were 297, 363-534, 362-444, and 848-1044 per 100.000 live births respectively. [5] [6] [7] [8] Kigoma is a remote region in western Tanzania. In 1987, the region was among the three with the highest maternal mortality ratios in the country with an estimated MMR of 300 per 100,000 live births. The national figure by that year was 190 per 100,000 live births.
9
The data was, however, hospital-based. Between 1984 and 1991 a progressive drop was seen in the regional hospital from the magnitude of 933 to 186 per 100,000 ive births. This was attributed to a comprehensive intervention programme from 1987-1991 that aimed at reducing substandard care at the hospital level. 10 However, these achievements could not be sustained and by 1997 the hospital MMR was 400 per 100,000 live births.
Materials and Method
Kigoma region is a remote area of 37,000 square kilometres in western Tanzania with a population of 1.2 million inhabitants. The crude birth rate is 40 per 1,000 and the total fertility rate 6.3 per thousand. 9 Therefore, 48,000 births are expected to occur in the region. However, only 9,000 are registered annually by the four facilities with comprehensive emergency obstetric care (this means the availability of basic obstetric care, operative delivery and blood transfusion). Another 7,000 are registered in rural health centres with basic emergency obstetric care facilities. The remaining 32,000 (66%) women, therefore, deliver at home largely by themselves or assisted by untrained traditional birth attendants.
Data collection took place during a two-week period in October 2000. Twenty six students of the Kigoma Clinical Officers Training Centre were trained by the authors for two days for the survey. One afternoon was used for pre-testing of the questionnaire. The estimated number of interviews per student per day was between 20 and 25 and 10 minutes for each interview. Villages in each of the four districts were randomly sampled in proportion to the population. Villages were enumerated and sampling performed at the district headquarters involving the district medical personnel and administrators. From available data at the district headquarters the number of households per village was obtained. Depending on the population of each district, the average number of households to be interviewed per village was calculated. District leaders were informed and permission obtained. Supervisors were physically present during the actual interviews and cross-checked the questionnaires in the field. Both men and women who were present in the household at the time of the interview were included. Respondents had to be 15 years or older and were sub-divided into fiveyear groups, i.e., 15-19 years, 20-24 years, etc, up to 60 years and older.
The following four questions were asked:
1. How many sisters do (did) you have of 15 years or older who were born to your own mother? 2. How many of these sisters are still alive? 3. How many of these sisters have died? 4. How many of these sisters who died, died during pregnancy, childbirth or within six weeks after childbirth?
The first question defines the total number of women ever at risk of maternal death, while the fourth question gives the total number of maternal deaths in this group.
Since respondents were asked about sisters born to their own mother, we excluded the so-called extended family. Interviewers were urged to check whether the sum of answers to questions 2 and 3 were equal to question 1. Data were processed according to the method described by Graham et al. 3 Details of the method will be presented together with the results, since the figures will facilitate explanations.
There is a relationship between the number of interviews held and the margin of error of the calculated maternal mortality ratio. Also, the expected level of maternal mortality is inversely related to the number of interviews needed. If maternal mortality is expected to be low, one will need a large number of interviews to achieve a reliable estimate. According to the method of Hanley et al, 11 in case the expected MMR is between 500 and 750, between 2,100 and 3,200 interviews are needed to achieve a margin of ± 20% error. To achieve a margin of ± 10% error one would need 8,000-13,000 interviews. These large numbers were not feasible in our setting and, therefore, we chose to interview 3,000 people, aiming at a margin of 20% error.
Two adjustments were to be made:
1. Due to the fact that respondents of 15-19 and 20-24 years old still have other sisters not yet 15 years of age at the time of the survey, the actual number of reported sisters by those younger respondents will underestimate this number. Therefore, the hypothetical number of sisters ever to be at risk in these younger respondents groups should be calculated based on the average number of sisters reported by the older respondents (those above 25 years).
2. Respondents of 60 years or older would be able to provide information about sisters who, on average, have been exposed to full time risk. Younger respondents would give information about sisters who have been exposed for only part of their reproductive life to the risks of maternal death. Multiplication of the reported number of sisters (column 3 of Table 1 ) with an adjustment factor (column 5) gives the socalled sister units of risk exposure (column 6). This adjustment is based on the age distribution pattern of developing countries. 3, 12 In these countries where fertility is generally high, the age scale has to be transformed as originally suggested by Brass in order to be representative.
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The age distribution of the study population in Kigoma was typical of this pattern and, therefore, this adjustment was mandatory. The transformed model is equivalent to Gompertz's model in which the natural age scale is replaced by a transformed one such that the observed fertility is related to a typical pattern of fertility.
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The lifetime risk (LTR), i.e., the risk of a woman dying from maternal causes during the whole of her reproductive life, can then be calculated using the following formula:
Total number of maternal deaths Total sister units of risk exposure With TFR, LTR may be translated into MMR using the following formula:
95% confidence intervals were calculated using the method of Hanley et al.
Results
In total, 3,029 people were interviewed. The actual number of sisters reported by respondents of age groups 15-19 and 20-24 years were 578 and 1,811 respectively. However, these respondents could be expected to have sisters about to become 15 years. For the calculation, it was necessary to use the LTR = ultimate number of sisters ever to be at risk (aged more than 25 years). This average was 3.34 in our group. The number of respondents in the first two age groups was therefore multiplied by 3.34 in order to get the estimated ultimate number of sisters ever to be at risk. These estimated numbers were 725 and 2,061 respectively (Table 1) .
